This paper analyses the effect of the crisis on central bank's refinancing and interbank market. It uses monthly banking-group data on all banks operating in Italy from the inception of the single Eurosystem monetary policy to August 2011. It explores the connections among the different segments of the interbank market: domestic and non-domestic; extra-group and intra-group; bilateral and via central counterparties. It adopts two methodological approaches (sample time splitting and difference-in-difference analysis), several estimation methods (IV, SUR, tobit-IV), and a broad range of robustness checks. The outcomes show that, even during the crisis, the Italian interbank market has functioned well and, contrary to some very popular conjectures, the rise in central bank's liquidity has been intermediated among banks and towards the economy.
Introduction
The crisis has reminded everyone of the crucial role played by liquidity markets. This paper joins the current debate focusing on the two main wholesale liquidity markets: (i) the central bank refinancing; and (ii) the interbank market. The two liquidity markets have to be analysed jointly.
First, the functioning of the entire financial system, the implementation of monetary policy, the efficiency of payment systems, and the borrowing conditions of households and firms depend both on an adequate amount of liquidity in the economy and on its adequate intermediation through the banking system (Allen and Carletti, 2008; Adrian and Shin, 2009; Brunnermeier, 2009 ).
Second, the two wholesale liquidity markets are closely linked. Central bank refinancing is the driver of liquidity; interbank market is the main market for liquidity exchange. The central bank is the monopoly supplier of money; the interbank market is the money market. The central bank influences the system through monetary policy operations; the interbank market is the main site of monetary policy transmission. It has been argued that central bank refinancing can be viewed as the primary liquidity market, and the interbank market as the secondary liquidity market, where the liquidity obtained in the primary market is reallocated.
Third, the two liquidity markets have been both under strain during the crisis, which makes their joint analysis particularly topical. Major central banks have turned repeatedly to extraordinary injections of liquidity. Interbank market have registered some negative developments, notably very high lending rates at longer maturities, that have been widely read as signs of friction.
Other works share the idea that in order to investigate the determinants of banks' demand for central bank liquidity, it is necessary to extend the analysis to the interbank market (e.g. Furfine, 2003; Craig and Fecht, 2007; Bindseil et al., 2009) . However, to my knowledge, mine is the first paper to analyse (with micro data and on a very long period that includes the crisis) the mutual relationship between each bank's positions vis-à-vis the central bank and the interbank market. The paper aims at this joint analysis including from a methodological perspective through instrumental variable (IV) estimations, which allow me to reach two goals at the same time: treating the reciprocal interdependence (endogeneity) of the two wholesale liquidity markets; and, being composed of more equations, investigating all the determinants of all liquidity markets at once.
In particular, the joint analysis of the two liquidity markets allow me to test empirically the validity of two theses become very popular in the crisis: (1) that the large increase in central bank refinancing is evidence of the malfunctioning of interbank market; and (2) that central banks have been ineffective in the crisis. In turn, the second criticism is supposedly demonstrated by two facts: (a) central banks' large liquidity injections increase the excess reserves held by banks, which tend to accumulate liquidity, but do nothing to promote the flow of credit to other banks or to their retail customers (households and firms); and (b) official liquidity injections cannot restore interbank activity because central banks would become intermediaries and act as the counterparties for all liquidity transactions, thus taking the place of the interbank market. 1 The validity of these criticisms is tested exploring: (i) the effect of the crisis on the determinants, functioning, and interactions between the two liquidity markets; (ii) both the possible directions of the causal nexus between the two liquidity markets; and (iii) the relationships between the two markets and the bank loans to the economy.
The further merit of the paper lies in studying simultaneously and separately the different segments of the interbank market: extra-group and intra-group; domestic and non-domestic; bilateral and via central counterparties. This is done to (i) strengthen the analysis of liquidity redistribution, because only extra-group exposures constitute a real liquidity redistribution through the banking system; (ii) verify if liquidity redistribution takes place domestically and/or crossborder; (iii) investigate the role of the new segment via central counterparties, which increased exponentially in the crisis. My sample period − from January 1999 to August 2011 − covers the entire length of the single euro-area monetary policy, and ends when the euro-area sovereign debts crisis was exacerbating (this allows the analysis to include several phases of the crisis but to focus on the stages emerged inside the banking systems and concerning strictly the banks). My sample country − Italy − is an interesting case for three main reasons. First, it allows studying the effects of the Eurosystem policy on one of the main euro-area banking systems. Second, Italy is a bank-based economy, so interbank market and banking credit are likely to be important. Third, supervisory reporting requirements in Italy make a large set of bank-level characteristics available.
My results have relevant policy implications in view of the need for a better understanding of the markets for liquidity in periods of crisis. My main outcome shows that the banks that rely more on central bank refinancing lend more both to other banks and to the rest of the economy, and thus it contradicts the mentioned popular criticisms widespread during the crisis.
Even if my analysis is new for several aspects, the paper refers to three vast fields of research. First of all, this paper joins the literature on liquidity hoarding. This literature provides two reasons why banks might hoard liquidity and interbank market might freeze: a general increase in the riskiness of the borrowing banks (counterparty credit risk); and a precautionary accumulation of liquidity by lending banks (liquidity risk). of Allen and Carletti (2008) , who observe that liquidity hoarding does not pose a threat when banks hold more liquidity and cover their idiosyncratic demands without resorting to the interbank market.
That is, it is a threat only if banks' unwillingness to provide liquidity prevents its efficient reallocation of liquidity. Since I show that the central bank's liquidity is not accumulated unproductively by the receiving banks but intermediated in the system and to the economy, liquidity hoarding (in the negative sense clarified by Allen and Carletti) either does not occur in Italy or is solved by the central bank, whose intervention is therefore not only warranted but also effective.
My empirical results tally with those of McAndrews et al. (2008) , Ashcraft et al. (2009) and Christensen et al. (2009) , all of whom find that Fed interventions are effective in the interbank market during the crisis; Afonso et al. (2011) , who find that liquidity hoarding is an unimportant factor in US interbank loans; and Ashcraft et al. (2008) , who show that, during the first phase of the current crisis, the Federal Home Loan Bank System (a US government-sponsored liquidity provider alternative to the Fed) furnished liquidity to depository institutions, which in turn furnished liquidity more broadly to the rest of the economy. Frame et al (2007) find similar results in a precrisis sample period.
Second, this paper draws on and contributes to the literature on central banks' interventions in the interbank market. In short, the literature offers four main reasons why central banks may intervene. (i) In a normally functioning interbank market, when banks with a surplus of liquidity transfer funds to those with a deficit, and even illiquid but solvent banks should be able to obtain Allen et al. (2009) 3 Flannery (1996) shows that when banks become reluctant to lend on the interbank market because of uncertainty about counterparties' creditworthiness, the central bank provides public liquidity. In Freixas et al. (2000) , the central bank serves as crisis manager, eliminating just the negative incentives to accumulate liquidity either by providing liquidity or by reassuring banks that they will do so in the event of a shortage. Allen et al. (2009) point out that the role of the central bank is to restore efficient liquidity allocation by removing the inefficiency deriving from asset price volatility and to achieve the same allocation as with complete markets. In Acharya et al. (2008) , the role of the central bank is to provide liquidity to the system, thus undercutting the market power of the banks with surplus liquidity, which could otherwise extract a surplus from their liquidity-poor counterparts. Keister and McAndrews (2009) argue that the criticism that banks merely accumulate the liquidity provided by central banks is fallacious in the abstract because the high level of bank reserves, even when banks do lend, is determined exclusively by the newly-created liquidity. Freixas et al. (2009) show that the central bank always plays a key role in the interbank market, even during a crisis, either managing interest rates for efficient liquidity reallocation or injecting liquidity to deal with aggregate liquidity shocks. Acharya and Merrouche (2010) , though finding liquidity hoarding in the UK, argue that after their sample period the large number of central bank interventions is likely to have helped banks mange their liquidity better.
funding (while if a bank is unable to borrow it is because it is insolvent or failing), central banks step in only to steer liquidity conditions and short-term interest rates smoothly (e.g. Selgin, 1993; Freixas et al. 1999) .
(ii) When interbank market becomes dysfunctional because of asymmetric information, so that even solvent banks cannot get credit, central banks can step in to solve a market failure. 4 (iii) When liquidity shocks occur, central banks have two unique abilities: to provide liquidity in sufficient amounts in response to abnormal shocks (Bhattacharya and Gale, 1987; Acharya et al. 2008) ; to diversify risk across a large number of illiquid banks (Flannery, 1996; Rochet and Vives, 2004) . (iv) When interbank market has wrongly judged a bank as insolvent, central banks may lend on the basis of their own latest supervisory data (Berger et al., 2000) . This paper contributes demonstrating empirically and exploiting the endogenous link between primary and secondary liquidity markets, and showing that central bank's interventions in the interbank market are effective even during the crisis.
Third, this paper is related to the literature on banks' participation in central banks'
operations, which numbers both US and euro-area empirical cases. individual data, while I use banking-group aggregate data, which are better suited to investigate 4 Even when the central bank's action is meant to solve a pure distribution problem in the interbank market and not to stabilize or adjust the level of the aggregate money stock, the central bank plays a vital role because of the uniqueness of bank loans. Credit relationships are not easily transferable from one bank to another, particularly for borrowers who do not have access to capital markets as an alternative. 5 Peristiani (1998) , Breitung and Nautz (2001) , Nyborg et al. (2002) , Furfine (2003) , Nautz and Oechssler (2003) , Bruno et al. (2005) , Linzert et al. (2006) , Linzert et al. (2007) , Craig and Fecht (2007) , Bindseil et al. (2009) with mine. They find like me that there is not a malfunctioning of the interbank market because the increase in outside funding costs regards only a subset of banks, while for many others increased participation is simply a strategic response to the higher bids of their rivals. They also find that there is heterogeneity in the incidence of the crisis with respect to banks' country of origin. In particular, banks from member countries that relied less on Eurosystem funding before August 2007 appear to have suffered less from the crisis. This conclusion applies perfectly to Italy, whose banks traditionally make relative little recourse to central bank liquidity.
The rest of the paper is organized as follows. Section 2 describes the methodology. Section 3 presents the data. Section 4 reports the results. Section 5 summarizes robustness checks. Section 6 concludes.
Empirical strategy
My empirical strategy alternates two approaches, which differ in the way they investigate the impact of the crisis. The first approach simply repeats the same estimations after splitting the sample period into two sub-periods, before and after the onset of the crisis. The second approach is a difference-in-difference estimation, where the crisis is the treatment event of which I study the effects. Both approaches employ IV estimations, which are particularly appropriate with the idea of jointly analysing the primary and secondary liquidity markets, because IV allow to: (i) treat their reciprocal interdependence (endogeneity); and (ii) examine all the determinants of all liquidity markets at the same time.
More in detail, the first approach (sample time splitting) may be represented by the following simultaneous equations:
where y i,t − the dependent variable in equation 1.1 − are the total loans granted by the central bank to bank i in month t; x i,t-3 is alternatively one of the three interbank market positions (Debts, Credits The second approach (difference-in-difference estimation) includes an interaction term between the same regressors as in the first approach and a time-dummy variable c t capturing the phase of the crisis. The system of equations becomes the following:
where
, and the relative coefficients are defined as in equations 1.1-1.2; and c t is a dummy variable taking the value of 1 during the crisis and 0 before.
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My two approaches serve, on the one hand, as mutual validation; and, on the other hand, as complementary information. The first approach (sample time splitting) explains which banks have more recourse to the central bank in each period or, in other terms, which bank characteristics influence more this recourse in each period. The second approach (difference-in-difference) explains whether and how certain bank characteristics impact in the crisis.
The pairs of equations 1.1-1.2 and 2.1-2.2 may be viewed as systems of equations, and are estimated by: (a) a tobit-IV model; (b) a SUR model; and (c) an ordinary IV model. 8 (a) Tobit models are well suited to the variable y i,t − central bank refinancing − because it is continuous and has a constrained range, which is zero for a substantial part of the population (my data refer to all banks operating in Italy including those that never directly access the central bank's liquidity, which provides complementary inferential information and avoids a biased sample selection). It is worth 6 The variable x i,t-3 is lagged by a quarter in order to avoid further possible endogeneity problems. The regressors in the matrixes K A i,t-4 and K B i,t-4 are lagged by four months to avoid new endogeneity in estimating the interbank market's determinants (equation 1.2), and to replicate the publication delay needed for mutual assessment by banks. 7 The dummy c t is not separately estimated thanks to the presence of the month fixed effects p t , which in addition allow a better identification. In some specifications, x i,t-3 is the only endogenous regressor and is accordingly instrumented in equation 2.2. However, this choice and the instruments change in different specifications and robustness checks. In some checks, the interaction-term c t × x i,t-3 is instrumented as well adding a further equation. See Section 5. 8 Both the tobit and the ordinary IV estimations may include single or multiple endogenous regressors. (ii) splitting the variable x i,t-3 , and then adding new equations. In this sense, the two systems of equations 1.1-1.2 and 2.1-2.2 are only representative of the many specifications I run. In fact, since I estimate the effects and the determinants of five different interbank market segments separately, x i,t-3 may refer alternatively either to one interbank market segment (and thus the system is composed of two equations as exemplified), or to more than one segment (and the system of equations gets composed of more than two equations). For example, when I analyse simultaneously two interbank segments, the system is composed of three equations: the first equations − both 1.1 and 2.1 − contain two endogenous regressors, and the matrix of instruments K B i,t-4 includes instruments for two segments of the interbank market. (ii) Domestic Intra-Group, i.e. domestic transactions among banks belonging to the same group.
(iii) Non-Domestic Extra-Group.
(iv) Non-Domestic Intra-Group. 9 Alternatively, when allowed by tests of endogeneity, the system retains two equations, and one of the two interbank market segments is included as exogenous. 10 The lending operations realized via a central counterparty typically take the form of tripartite repos, instead of the ordinary bilateral repo operation. Tripartite repos are structured as follows: i) the borrowing bank enters into a repurchase agreement with the central counterparty, borrowing the required amount and providing collateral; ii) the lending bank enters into a reverse repo with the central counterparty; iii) the central counterparty administers the transaction and the collateral, acting as the direct counterparty to the seller and to the buyer, thus assuming the risk of borrower default. In addition, collateral management is highly standardised in terms of profiling and margining, which enhance transparency, and the administrative burden for borrower and lender is significantly lower than in a bilateral repo.
(namely among banks not belonging to any banking group or belonging to different banking groups As a further means of checking my results, the interbank positions x i,t-3 are alternatively expressed either as ratios to total assets or as growth rates. I start making use of the variables x i,t-3 as ratios to total assets for three reasons. First, in analogy with y i,t , which is always scaled by total 11 To exemplify, if banks paradoxically lent only within their own banking groups, the total interbank market apparently would work, but liquidity hoarding actually would occur at banking groups level. 12 To exemplify, let us assume a banking system composed of two banks (A and B) and two months (t 1 and t 2 ). Let us assume that during t 1 , A and B do not mutually exchange their liquidity at all; while, during t 2 , A lends to and borrows from B an amount equal to 100. At the end of both months, the Net Position of the two banks is zero. Nevertheless, in the first month the interbank market is frozen, while in the second month it is fully operational (A and B can have mutually financed their temporary liquidity needs in different moments of the same month). 13 In fact, as for the Domestic Intra-Group segment, Credits and Debts are identical, and Net Position is zero by definition. In this case, I do not estimate the effect of the different positions, but I do retain the Domestic Intra-Group Credits (or Debts) to capture whether or not the banking groups with a larger exchange of internal liquidity increase the recourse to the central bank refinancing and to the other segments.
assets. Second, the panel estimation context enables the ratios to capture at least in part also the developments' effect. Third, to the purposes of my analysis, it is not crucial to verify whether the growth rates of interbank activity increase, while it is indispensable to verify whether banks obtaining the central bank liquidity have the characteristic of being hoarding or redistributing institutions. In any case, for completeness and check, I run also the version with the growth rates.
So far, in order not to strain the exposition and the following estimations, I have explained that my empirical strategy treats (and exploits) the endogeneity between primary and secondary liquidity markets, but I have still described it as if implicitly assumed one only possible direction of the casual nexus (from interbank positions to central bank refinancing). In other words, as the literature typically does (e.g. Furfine, 2003; Craig and Fecht, 2007; Bindseil et al., 2009; Afonso et al., 2011) , I start estimating the banks' demand for central bank liquidity (which is therefore the main dependent variable), and I use banks' characteristics as explanatory variables (crucially the interbank positions, which are the endogenous regressors). However, I have already mentioned that the SUR model enables to include the lagged variables y i,t-3 y i,t-6 as regressors of x i,t-3 to doublecheck if central bank liquidity injections have a reversed direct impact on interbank positions.
Nevertheless, one could still argue that the causal effect between the primary and secondary liquidity markets could be completely inverted, and the liquidity hoarding hypothesis should be tested by a reversed experiment. In this light, I run also a new IV regression, instrumenting central bank refinancing in the first stage, and using it as the endogenous regressor to estimate the interbank positions in the second stage. In spite of the reversed econometric framework, all the features of my empirical strategy (sample time splitting and dif-in-dif; IV models; interbank segments' split; the use of the three interbank positions; their alternative expression as ratios to total assets or growth rates) remain unchanged when I carry out these checks. for central bank liquidity regardless of the substitute role of different instruments. 15 The variables y i,t . is employed in the estimations as gross loans and as a robustness check as net loans, i.e. after subtracting from the gross loans granted by the central bank to each bank the amounts that each bank re-deposits at the central bank.
Data
As explained in Section 2, the second set of key variables x i,t-3 measures alternately the three positions (Debts, Credits, and the Net Position) in five segments of the interbank market. My data cover all interbank exposures, including over-the-counter.
All the variables are computed aggregating at banking group level monthly bank-by-bank data (and leaving at bank level the data of independent banks). The aggregation at banking group level is explained just by the focus on the central bank refinancing and interbank markets. First, the 14 The Eurosystem uses two types of operations: standing facilities and open market operations. Open market operations, the more important, include main refinancing; longer-term refinancing; fine tuning; and structural operations. Open market lending normally takes place in the form of reverse transactions: the central bank buys assets under a repurchase agreement or grants a loan against assets pledged as collateral. Reverse transactions are therefore temporary open market operations, which provide funds for a limited, pre-determined period. The standing facilities include two types of operations: the marginal lending facility and the deposit facility. Both have an overnight maturity and are available to counterparties at their own initiative. Since August 2007, the Eurosystem has undertaken several temporary unconventional monetary policy measures, targeted mainly at the banking sector, with the aim of supporting financing conditions and the flow of credit beyond what could be achieved through reductions in key ECB interest rates alone. These measures include: (i) extension of the maturity of longer-term refinancing operations; (ii) increase in the amount of liquidity provided through longer-term operations; (iii) a fixed rate, full allotment tender procedure, which allows unlimited access to central bank liquidity for eligible institutions subject to adequate collateral; (iv) extension of the eligible collateral accepted in Eurosystem operations. Eurosystem liquidity may be obtained also by non-euro-area banks. For more details, see Cecioni et al. (2011) and Eser et al. (2012) . 15 There are different fields of the literature that deal with the types of central bank loan. First, a part of the literature on central bank actions analyses single types of central bank liquidity provision because they may be informative about a bank's ability to use a specific refinancing option or about which specific type of central bank operation satisfies the liquidity needs of certain banks. Second, the literature is not unanimous on whether stabilization can be achieved by open market operations (Goodfriend and King, 1988; Kaufman, 1991) or lending to individual banks (Flannery, 1996; Goodhart, 1999) . Market operations are preferred when the central bank is believed to have no informational advantage over the interbank market. Individual operations when interbank market inefficiencies are expected to result in some solvent banks becoming illiquid because unable to borrow. Third, the literature also questions whether or not a distinction can be made between monetary-policy and lender-of-last-resort operations (Freixas et al., 1999) . To my purposes, these distinctions would be misleading. For example, in the hypothesis of preference for market operations (since under the Eurosystem's liquidity-neutral policy, injections are intended to meet aggregate and not individual requirements), if one bank's bidding strategy fails or if the Eurosystem mistakenly injects too little liquidity by market operations, the bank can make up the difference by accessing the standing facilities.
only proper way to investigate the decision and determinants of access to central bank liquidity is to refer to banking groups. A banking group comprising various banks may decide to resort to central bank liquidity through one, several or all of them. In any case, these transactions are likely to be decided by the parent bank, to fit into a group-specific scheme, and to be affected by group tasksharing. 16 Second, the aggregation enables to distinguish the Intra-Group exposures, which (as argued in Section 2) must be removed from the interbank market in order to properly analyse the hypothesis of liquidity hoarding.
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My sample period covers monthly data from January 1999, when the single Euro-area monetary policy was instituted, to August 2011, when the sovereign debts crisis was exacerbating.
The number of time periods is therefore t = 1, 2, …, 152. In order to verify the effect of the crisis, Table 1 reports the summary statistics of the key variables. Table 2 shows the correlations. The central bank's loans tend to be 16 Bruno et al. (2005) find that the membership in a banking group is a factor in the decision to take part in a Eurosystem auction. Likewise, Fecht et al. (2011) find that the participation of banks in "formal liquidity networks" influences their auction behaviour. 17 The Bank of Italy collects information on gross bilateral interbank exposures (assets and liabilities of each bank), and the identity of every counterparty. In order to separate the Intra-Group exposures, I used information on the identity of each counterparty and its group of affiliation. For the banks that changed group during my sample period, I traced the current group of affiliation in each t. Likewise, I computed at banking group level the other variables in the matrixes K A i,t-4 and K B i,t-4 . 18 Counterparties in Eurosystem monetary policy operations must satisfy eligibility criteria, defined to ensure equal treatment for institutions throughout the area. To be eligible, a counterparty must (i) be a credit institution; (ii) be subject to the Eurosystem's minimum reserve system; (iii) be subject to at least one form of supervision by national authorities and be financially sound; and (iv) satisfy specified operational criteria. The number of counterparties actually participating in open market operations is normally much lower than the number of eligible counterparties. correlated positively with interbank Debts and negatively with interbank Net Positions. However, there is no lack of non-linear effects, which indirectly confirms the need for more sophisticated statistical tools. Table 3 Second, while liquidity needs are usually at very short maturities, I use end-of-month stocks for all variables because, apart from information on auctions, which could duplicate the frequency of the auctions themselves, the data are not available on a more frequent basis. All the relevant literature does the same; even when it uses data on single liquidity auctions as a dependent variable, it takes monthly or quarterly or yearly data for regressors (e.g. Craig and Fecht, 2007, Fecht et al. 2011) . Moreover, as the repeated extraordinary injections of central bank liquidity and the nonstandard monetary policy measures demonstrate, the central bank credit supplied during the crisis is intended to meet longer-term funding needs, and it accordingly has a stable maturity. 19 Angelini et al. (2011) find that Fitch ratings are more informative in the assessment of banks and financial firms. I use four different kinds of credit scores taken from the Fitch agency through the database of Bloomberg. All the credit ratings are obtained as a monthly average of daily ratings. My first choice is the overall individual rating; the other three types are: support, long-term and short-term issuer default rating. In the case of banking groups, I use the rating of the parent company. 20 From the estimation perspective, all the effects of interest rate developments are captured in my estimations by the bank and month dummies, which are always included.
Results
As described in Section 2, the set of variables x i,t-3 is treated as endogenous and instrumented. Potentially, the endogeneity regards the positions in all the five different interbank market segments. However, on the basis of my estimations, in two cases (Domestic Extra-Group and Central Counterparties) x i,t-3 turns out to be indeed endogenous, and results do differ depending on whether or not it is instrumented. But, in three cases (Domestic Intra-Group, Non-Domestic Extra-and Non-Domestic Intra-Group) x i,t-3 turns out to be exogenous and results do not change if it is instrumented or not. 21 This different endogeneity of the various interbank market segments is a first interesting outcome. It shows that the interbank exposures effectively codetermined with the central bank refinancing concern only some market segments. placing them in the matrix K A i,t-4 ). As a general comment, it is to note that regressors across all specifications are not always statistically significant, but they do provide clear indications because (i) they never change the statistical significance of their sign, though tested by a broad range of empirical approaches, estimation models, specifications and robustness checks; and (ii) the magnitude of marginal effects furnishes univocal economic interpretations. 23 The following Sub-Section 4.1 concerns the results of the determinants of the variable y i,t ; while Sub-Section 4.2 summarizes those of the variable x i,t-3 . 21 More technically, in equation 1.1, as for Domestic Intra-Group, Non-Domestic Extra-and Non-Domestic Intra-Group positions, both the Durbin-Wu-Hausman test (ordinary IV) and the Wald test (tobit-IV) cannot reject the null hypothesis of no endogeneity. On the contrary, as far as Domestic Extra-Group and Central Counterparties are concerned, the two tests do reject the null. In equation 2.1 of the difference-in-difference approach, the results of all the interbank market segment variables (once interacted with the dummy variable c t capturing the crisis phase) remain stable irrespective of the instrumented variable. Things are more highly differentiated for the variables that are not interacted with the dummy, which however are not the focus of the difference-in-difference approach. With regard to validity and strength of instruments, the results of the standard tests corroborate my choices. As for strength, the F-statistic of the reduced form is always sufficiently high, being the same also for the coefficients of the instruments (Table 7) . As for validity, the Sargan test is passed even if actually the greater number of instruments derives from the use of two related variables (Banks without Rating and Rating). In this light, in order to further check the robustness of my instruments, I used x i,t-6 as an alternative, and results hold. 22 Even if I have not yet described my results in detail, for completeness on this issue, it is useful to highlight that the two interbank segments resulting indeed endogenous (Domestic Extra-Group and Central Counterparties) are also those with a larger economic impact.
Determinants of y i,t (total loans from the central bank)
The results of the variable y i,t are presented in Tables 4-6 . Table 4 displays the results of equation 1.1 (sample time splitting). Each specification is identically repeated before and after the crisis. In detail:
-Specifications (1)- (3) show the results of a IV estimation, where the endogenous (instrumented) regressor x i,t-3 coincides, alternately, with the three positions in the Domestic Extra-Group segment. Specification (1) focuses on and instruments for the Domestic Extra-Group Debts;
specification (2) for the Domestic Extra-Group Credits; and specification (3) for the Domestic Extra-Group Net Position.
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-Specifications (4)- (6) show again the results of a IV estimation. However, in this case, the endogenous (instrumented) regressor x i,t-3 coincides, alternately, with the three positions in the Central Counterparties segment.
-Specifications (7)- (9) show the results of a SUR estimation with three equations, where the first equation estimates y i,t , and the other two equations refer to Domestic Extra-Group and Central
Counterparties positions. Therefore, specification (7) focuses on and "instruments" for both Domestic Extra-Group and Central Counterparties Debts; specification (8) for both Domestic Extra-Group and Central Counterparties Credits; and specification (9) for both Domestic ExtraGroup and Central Counterparties Net Position.
Since the reliable results are obviously those that are instrumented, specifications (1)- (3) present the relevant outcomes of the Domestic Extra-Group positions (while black out the results of Central Counterparties). Vice-versa, specifications (4)- (6) present the relevant outcomes of Central Counterparties (and black out the Domestic Extra-Group). In specifications (7)- (9), the two interbank market segments are contemporaneously "instrumented", and indeed the results are consistent (and hence mutually validated) with those of specifications (1)- (3) as for the Domestic Extra-Group, and with those of specifications (4)- (6) as for Central Counterparties. The pairs of variables "Debts and Net Position" and "Credit and Net Position" are never estimated in the same specification because of evident problems of collinearity. On the other hand, the two variables Debts and Credits can be included in the same specification. In this case, in order not to weaken my instruments, I employed x i,t-6 as an additional instrument in the matrix K B i,t-4 . Results are equivalent. 25 To improve comparability between IV and SUR outcomes, Table 4 reports the results of an ordinary-IV estimation; while Table 5 reports the tobit-IV results for the difference-in-difference approach. In both cases, however, the two IV estimations provide outcomes substantially equivalent. As noted earlier, in equation 2.1, the results of the regressor x i,t-3 , once interacted with the dummy c t , remain stable, and then I can be more parsimonious in using different specifications. In Table 5 , the instrumented variables are, alternatively, the three Domestic Extra-Group positions.
crisis dummy c t (representing the real focus of the difference-in-difference approach); column (b) refers to the non-interacted regressors and serves basically as a control.
26 Table 6 Table 5 ). The effect is also economically relevant: moving from the 25 th to the 75 th percentile of Domestic Extra-Group
Credits and Net Position, loans from the central bank rise by between 1.8 and 3.6 percentage points in proportion to total assets, depending on the estimation method (Table 6 ). Therefore, the central bank liquidity is obtained (not by hoarding banks, but) by banks characterized by a higher weight of loans to other domestic banks. 27 This outcome is far removed from some very popular theses widespread in the crisis, and instead is consistent with the Eurosystem's liquidity-neutral policy, by which liquidity injections are intended to serve aggregate and not individual needs.
Central Counterparties interbank market segment
26 By analogy with the first approach, one could read column (a) as the post-crisis outcomes, and column (b) as the precrisis outcomes. However, the interpretation of interaction-term components' coefficients cannot be the same as if they were ordinary coefficients in a strictly additive model. 27 It worthwhile stressing here and now that, as aforementioned in Section 2, and as detailed in Section 5, the results do not change when both (i) the variables x i,t-3 are employed as annual growth rates rather than as ratios to total assets; and (ii) the econometric framework is reversed and x i,t becomes the main dependent variable.
During the crisis, banks with more Central Counterparties Credits and those that are netlenders in the Central Counterparties segment resort less to central bank liquidity (Tables 4,   specifications [4] [5] [6] [7] [8] [9] . This is opposite to the previous result on the Domestic Extra-Group segment.
However, the signal of redistribution effect found in the Domestic Extra-Group segment prevails in quantitative terms (Table 6 ). 28 Therefore, the transactions via Central Counterparties appear to be not a channel for the redistribution of central bank liquidity, but an alternative funding source (as is suggested by the marked prevalence of borrowing positions presented in Figures 2-3 ). This is also confirmed by the significant and negative sign of Central Counterparties Debts in equation 2.1 (Table 5 ).
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Domestic Intra-Group interbank market segment
From here onwards, the results of regressors are consistent across the specifications. The variable measuring the size of the Domestic Intra-Group liquidity market is negative in the estimation of equation 1.1, both before and after the crisis (Table 4) , and is negative as well in the estimation of equation 2.1, once interacted with the crisis dummy (Table 5 ). Therefore, a larger volume of Domestic Intra-Group liquidity exchange means less recourse to central bank liquidity.
However, the marginal size of this effect is negligible according to all estimation methods (Table   6 ).
Non-Domestic Extra-Group and Intra-Group interbank market segments
Banks with more Non-Domestic Extra-Group Debts and Credits borrow less from the central bank (Table 4) . For Net Position, the effect differs between before and after the crisis: NoDomestic Extra-Group interbank net-lenders have lesser recourse to central bank refinancing before the crisis and greater recourse after it. Even more, banks borrow from the central bank when lend to foreign banks belonging to the same group. These outcomes confirm a cross-border redistribution of the Eurosystem liquidity. Since this is particularly true for Non-Domestic Intra-Group Credits, it confirms that international banking groups raise funds in a decentralised manner, even if they have 28 As detailed in Section 5, the redistribution effect prevails also when the positions in the two interbank segments are added up. 29 The Central Counterparties segment is to some extent non-domestic. It is certainly domestic in the sense that banks interact with a domestic agent (the domestic central counterparty). But, as clarified above, the ultimate counterparty can be a non-domestic bank or another non-domestic central counterparty. In this sense, when the Central Counterparties segment is a funding source in aggregated terms (i.e. for the entire banking system of a country), the financial resources are coming from abroad.
centralised liquidity management (Freixas and Holthausen, 2005; ECB, 2011) . However, the marginal effect of these variables is not great (Table 6) .
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Loans Notably, my results signal that banks obtaining resources from the central bank are those with a higher weight of loans not only to other banks but also to the economy. In the estimation of equation 1.1, the variable Loans is negative before the crisis and positive after (Table 4) .
Accordingly, in the estimation of equation 2.1, Loans interacted with c t is positive (Table 5 ). This effect of Loans may be partially explained by their use as collateral in central bank operations.
However, while this use is minor as a matter of stylized fact (Bank of Italy, 2011b), the positive estimated economic effect is relevant: in the crisis, climbing from the 25 th to the 75 th percentile, the variable Loans produces the greatest percentage-point increase in the central bank loan share of total assets (Table 6 ).
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Size
In the estimation of equation 1.1, the variable Size tends to be negative before and positive after the crisis. Accordingly, in the estimation of equation 2.1, the variable Size is positive. These results confirm that in the pre-crisis period larger banks receive funding more easily (Kashyap et al. 2002) , and are less dependent on participation in central bank auctions (Linzert et al., 2006; Bindseil et al., 2009) . By contrast, in the post crisis-period, being a larger bank corresponds to greater recourse to central bank refinancing (as in Ashcraft et al., 2008; Fecht et al., 2011) . The marginal effect is economically relevant. Moving from the 25 th to the 75 th percentile of the variable Size, the ratio of total loans from the central bank to total assets increases by about 1.5 percentage points in the crisis (Table 6 ). This outcome is in line with the standard analyses on larger banks, which are more affected by tough conditions in funding markets (Bank of Italy, 2011a).
Bad Loans
In the estimation of equation 1.1, the variable Bad Loans tends to be negative in the precrisis period (as in Fecht et al., 2011) , and positive in the post-crisis period. Consistently, in the estimation of equation 2.1, Bad Loans interacted with c t is positive. This may corroborate the liquidity hoarding theory prediction that the post-crisis liquidity requirement mainly involves the banks performing worse (Allen et al., 2009; Acharya et al., 2009; Heider et al., 2009; Acharya and 30 Although the presence of foreign banks impacts on all the variables of my estimations, it is more likely to matter for the covariates that capture the non-domestic transactions. However, the presence of foreign banks is taken into account through the inclusion of bank fixed effects. (Table 6 ). Gilbert (1995) and Stojanovic et al. (2008) also find a statistically significant yet economically negligible effect of refinancing on banks' risktaking. What my results could suggest is therefore a simple early warning to prevent possible perverse incentives during phases of extensive liquidity injection.
Securities holdings and Securitized Loans
Unlike interbank loans, borrowing from central banks is typically collateralized. However, the Eurosystem accepts a broad range of assets as collateral, and extended the eligibility range in the course of the crisis, so collateral is unlikely to be a limiting factor. 33 Moreover, during the crisis, collateralized interbank lending have increased (Cappelletti et al., 2011) . 32 A large part of the literature stresses that central bank lending inevitably creates moral hazard because its provision of liquidity reduces the private cost of risk-taking and undermines market discipline (e.g. Goodfriend and King, 1988; Kaufman, 1991 Schwartz, 1992 Flannery, 1996; Goodhart, 1999) . But this view is not unanimous. Repullo (2005) shows that when the central bank charges penalty rates, banks are pushed towards higher-risk, higher-return strategies; while without penalty rates (as during the current crisis), central bank lending does not alter the level of risk chosen by banks. The "risk-taking channel" is a newly theorized transmission mechanism of monetary policy, according to which the risk tolerance of banks increases when policy interest rates are kept low for too long (Adrian and Shin, 2009; Borio and Zhu, 2008) . 33 Eligible collateral for Eurosystem refinancing includes government bonds, bank bonds (both uncovered and covered), corporate bonds, asset backed securities, other marketable securities, and some credit claims. 34 In extreme cases, the increase in sovereign risk may reduce the value of the collateral, provoke large haircuts and lead to the ineligibility of the securities of certain governments (see Bank of Italy, 2011b). In the abstract, this is an alternative explanation for the negative effect of Portfolio of Government Debt Securities on central bank lending. However, the euro-area sovereign debt crisis in my sample period does not appear to reach such an implication. Moreover, the Eurosystem adapted the criteria for defining eligible collateral in its refinancing operations to the evolving conditions of the market. Finally, the sign of the variable Portfolio of Government Debt Securities does not change before and after the crisis in the interbank transactions, and its effect on the interbank Net Position is negative
ROE and Capital
According to Afonso et al. (2011) , since banks only resort to the central bank if other forms of funding are not accessible, one can argue that, if banks with good past performance are forced to borrow from the central bank, this is an alarming indication of dysfunction in the interbank market.
My results show that this is not the case. In the estimation of equation 1.1, the variable ROE is statistically insignificant in both the pre-and post-crisis periods (as in Cassola et al., 2011) ; the variable Capital is always negative. In the estimation of equation 2.1, both ROE and Capital are negative when interacted with the crisis dummy. These outcomes indicate that healthy banks are not forced to turn to the central bank refinancing, the same result found by Afonso et al. (2011) for the US.
Fundraising
In the estimation of equation 1.1 and 2.1, the variable Fundraising is always negative, and has a relevant economic impact (Tables 4-6 
Determinants of x i,t-3 (Domestic Extra-Group and Central Counterparties segments)
As is typical in the IV framework, Domestic Extra-Group and Central Counterparties positions are explanatory (empirically endogenous) variables in equation 1.1 and 2.1, and at the same time are the dependent variables in the equations 1.2 and 2.2. In order not to overload the exposition, Tables 7-8 report the results of equation 1.2 only. 35 In particular, Table 7 couples with   Table 4 , namely contains the corresponding results of equation 1.2. The specifications of Table 7 , repeated before and after the crisis, correspond to the specifications of Table 4 : specifications (1)-(3) refer to Domestic Extra-Group positions; specifications (4)- (6) to Central Counterparties positions; and specifications (7)-(9) to both Domestic Extra-Group and Central Counterparties positions (i.e. the SUR results of a system of three equations). (Table 7 ). The economic effect is relevant:
in the crisis, moving from the 25 th to the 75 th percentile of the variable Size, the percentage share of Domestic Extra-Group Debts on total assets rise by 4 points, that of those via Central
Counterparties by 2 points (Table 8) that the peer monitoring hypothesis is more valid in the traditional bilateral segment that via central counterparties, which in fact were created precisely in order to attenuate counterparty risk.
Robustness checks
I verified the robustness of my results in several ways. 
Total secondary liquidity market
As a further check, I also added up four segments of the secondary liquidity market, excluding the Domestic Intra-Group exposures. This was done in two steps: first, I added all the variables measuring the external exposures (Domestic Extra-Group; Central Counterparties; and Non-Domestic Extra-Group variables), and then also the Non-Domestic Intra-Group variables.
Again, in both cases, the results of the Domestic Extra-Group segment drive all the others.
Reverse causality between the primary and secondary liquidity markets
As clarified in Section 2, in addition to the use of IV estimations, I have double-checked the reverse causality between primary and secondary liquidity markets in two ways. First, I included in some specifications of the SUR model either the variable y i,t-3 or y i,t-6 in equation 1 that the Domestic Extra-Group segment is used to redistribute central bank liquidity among domestic banks, while the Central Counterparties segment is used as an alternative source of funds.
Running different estimation methods: Tobit and panel methods
In order to estimate equations 1.1 and 2.1, I also employed other tobit models: standard, tobit II, and random effects. These models confirm the bulk of my results, and in some cases (Loans, Capital, Fundraising) even strengthen them. However, these models do not allow instrumenting the endogenous variables.
As for equations 1.2 and 2.2, I employed other estimation methods to verify the determinants of Domestic Extra-Group and Central Counterparties positions. First, I ran both fixedeffects and random-effects panel estimations. The results remain unaltered, even because T is large.
Second, since interbank market positions tend to be persistent, I included the lagged dependent variables in the estimation of the variable x i,t-3 , and used both the two-step Arellano and Bond GMM estimator and the one-step system GMM estimator. 38 The results are again confirmed, including the expected persistence of interbank positions.
Cooperative banks and branches of foreign banks
A set of checks was performed on cooperative banks and branches of foreign banks, because these institutions are often regarded as unlike other banks. In particular, since I analyse the . This check suggests some preliminary observations on the role played by foreign banks, which deserves however to be the subject of specific research. In equation 1.1, the dummy related to foreign banks tends to be positive, both before and after the crisis. The marginal effects indicate that the economic impact is negligible before but relevant after. This confirms once more that international banking groups raise funds in a decentralised manner (Freixas and Holthausen, 2005; Buiter, 2008; ECB, 2011) . 38 The two GMM estimators take into account both autocorrelation, due to the presence of the lagged dependent variable among the covariates, and individual effects characterizing the heterogeneity among banks.
Controlling for the endogeneity of other covariates: discarding explanatory variables and further IV estimations
In the estimations presented in the Tables, I control for endogeneity of the key covariates, but in theory endogeneity may involve other covariates of the matrix K A i,t-4 as well. To verify the stability of each explanatory variable and test for possible collinearity, I adopted two methods: (i) discarding each of the regressors in turn; and (ii) using the IV estimator for Loans and Fundraising, with a single or a multiple IV estimator. As a vector of instruments, I used the same regressors computed with a two-quarter lag. The results were again confirmed.
Reverse causality between central bank loans and Loans
Although I controlled for endogeneity also between Loans and central bank liquidity, one could still argue that my outcomes do not show that central bank' injections are effective because Loans should follow and not precede central bank refinancing. In this vein, I ran an inverse regression to verify whether central bank refinancing spurs bank Loans to the economy. It does: (i) using both the time-sample splitting and the difference-in-difference approaches; (ii) instrumenting for the central bank loans or not; (iii) instrumenting with one or more of the interbank market segments; (iv) replacing the variable Loans (which is the ratio of loans to total assets) with its growth rate.
Changing starting dates and periods
In addition to time fixed effects, in order to test the sensitivity of my results to different dates and periods, I employed two kinds of check. First, I experimented with dates other than August 2007 as the starting point of the crisis (both bringing it by one or two months, and postponing it by one to four months); another date used was September 2008 (with the Lehman Brothers failure). 39 Second, I tested the stability of the results of the pre-crisis period, which is much longer in my sample, juxtaposing two periods of the same length (that is, comparing the last 49 months prior to the critical point with my 49-month-long post-crisis period). In all cases, the results remain stable.
Changing definitions of some explanatory variables
I defined some variables in a different way. First of all, I focused on my key variables y i,t and x i,t-3 . As aforementioned, in my basic estimations presented in the Tables, y i,t is measured as gross loans. In several checks, I re-measured y i,t as net loans, subtracting (from the gross loans that the central bank grants to each bank) the amounts that each bank re-deposits at the central bank.
Results do not change. However, I preferred using the gross y i,t because deposits at the central bank (i) are typically very low in Italy, even during the crisis; and (ii) as they are basically driven by the ECB system of reserve requirement, their inclusion is inconsistent with the variable Fundraising, which is worth keeping because provides useful information. As for the set of variables x i,t-3 , I have already stressed that they have been employed as ratios to total assets or as growth rates, and results do no change. In this case, I preferred using the ratios to total assets because (i) they suffice for my purposes; and (ii) present minor measurement problems. The results never change, probably because the signs of the three variables are identical, both before and after the crisis, both in equation 1.1 and 2.1. The great merit of my basic approach is to show that the variable Loans, even net of securitizations, positively affects the decision to apply to the central bank for liquidity.
Finally, to assess the effect of capital adequacy I adopted different proxies as checks. I alternatively calculated the numerator of the ratio as either capital and reserves or mandatory capital, and the denominator as either total assets or risk-weighted assets. The results are confirmed. 40 The ratios to total assets could potentially mislead the role of interbank positions only if data exhibited significant cases of (de)leveraging. This is not the case in my sample for banks operating in Italy. 41 Securitization is the pooling and repackaging of loans into securities, which are then sold. Securitized loans are said to be "derecognized" when they are deleted from the balance sheet of the originator bank because there is a complete transfer of risks, costs, and benefits to the purchaser. They are "non-derecognized" when they are not so deleted. Since the breakdown between derecognized and non-derecognized securitized loans is not available from banks for all my sample period, I extended my time series using a bank-level estimation obtained at the Bank of Italy. Likewise, since the Bank of Italy's statistical reports went into effect as of June 2010, and the adoption of the new criteria implied the re-recognition of loans that had previously been removed from the balance sheet, with a corresponding increase in the stock of loans, I restored the continuity of my time series by using the same estimations.
Conclusions
Since the outbreak of the crisis the issue of liquidity and the (mal)functioning of liquidity markets have been causes of concern, and have been at the centre of the academic and institutional debate. This paper contributes investigating the determinants, the functioning and the interrelations, before and during the crisis, of banks' two main wholesale sources of liquidity: central bank refinancing (the primary liquidity market) and the various segments of the interbank market (the secondary liquidity market). Dependent variable y i,t ,: ratio of total gross loans from central bank to total assets. Estimation method: ordinary IV and SUR. Endogenous and instrumented regressor x i,t-3 as ratios to total assets: in Specifications (1)- (3): Domestic-Extra-Group positions; in Specifications (4)- (6): Central Couterparties positions; in Specifications (7)- (9): both Domestic-Extra-Group and Central Counterparties positions. IV first stage results are reported in Table 7 .
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